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P3 ■ PaccMOTpena 3a;i;aHa o cjiaSo HejiHHeiiHOH ycTOHHHBOCTH k BoaMymeHHaM c Sojib- 

niHMH MacniTaGaMH TpexMepnbix MarHHTorH^po^HHaMHHecKHx chctgm, HMeiomHx 
CHMMeTpHK) OTHOCHTejiBHO n,eHTpa. Hpe^nojiaraeTca, hto b HccjieflyeMOM MF/I cocto- 
aHHH OTcyTCTByiOT SojiBmne npocTpaHCTBeHHO-BpeMenHbie MacniTaGbi, h ^to bth 
Q ■ cocToaHHa ycToiiHHBbi K B03Myiii;eHHaM c TaKHM JKe MajibiM npocTpancTBeHEbiM Macm- 

^ . TaSoM, KaK B HCCJieflyeMOM cocToaHHH. BbiBe;i;eHHbie c noMOinBio acHMnTOTHHecKHx 

MeTOflOB ypaBHCHHa ^jia cpe^HHx nojien BOSMymenHH o5o6maiOT ypaBHenHa HaBbe- 

CTOKCa H MarHHTHOH HHflyKn,HH. B HHX nOaBJiaiOTCa OnepaTOp KOM5HHHpOBaHHOH 

BHxpeBoii flH4)4)y3HH, BOo5iii;e roBopa, aHHSOTponnbiH h ne oSaaaTejibHO OTpHn,aTejib- 
HO onpe;i;ejieHHbiH, h ;i;onojiHHTejibHbie KBa;i;paTHHHbie HJienbi, anajiorHHEbie a;i;BeKTHB- 

" ■ HblM. IlpeflJIOJKeH MeTO^i; BKOHOMHHHOrO BblHHCJieHHa K03(J)(J)HIi;HeHT0B BHxpeBoii flHcJ)- 

Cn| , 4)y3HH H aflBeKn,HH b ypaBHennax fljia cpe^HHx nojien. 
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1. BBe^eHHe. HacToamaa CTaTba aBjiaeTca nenocpeflCTBenHbiM npo^ojiJKeHHeM pa- 
6oTbi >KejiHroBCKoro [2003], r^e Sbijia paccMOTpena aa^a^a o jiHHeiiHOH ycToii^HBOCTH 
. MarHHTorHflpoflHHaMH^ecKHx (MF/]^) CTan,HOHapHbix cocToanHii. ripe^nojiaraeTca, ^to 

^ ! xapaKTepHbiH npocTpaHCTBenHbiii iviacniTaS paccMaTpHBaeMoro CTaii;HOHapHoro cocto- 

anna cymecTBeHHO Menbine xapaKTepnoro MacniTaSa BoaMymeHHH. Torfla OTHomeHne 
3THX MacniTaGoB e - MajibiH napaMeTp, h c noMoiu,bio acHMnTOTH^ecKHx MeTO^OB b 
yKaaaHHOH pa6oTe 6bijio nocTpoeno pemenHe cooTBeTCTByiomeH aa^anH na coSctbgh- 
Hbie SHaneHHa b bh^g CTenennbix pa^OB no 3T0My napaMeTpy. Bbijio noKaaano, ^to 
rjiaBHbie HJienbi pasjiojKeHHii MOfl MF^ B03Myiii;eHHH ii;eHTpajibHO-CHMMeTpHHHbix 

5^ I CTaii;HOHapHbIX COCTOaHHH H HX HHKpeiVieHTOB pOCTa aBJiaiOTCa COOTBeTCTBGHHO co6cT- 

BeHHbiMH BCKTopaMH H coScTBeHHbiMH 3Ha^eHHaMH TaK HasbiBaeMoro onepaTopa kom- 
SHHHpoBaHHOH BHxpeBOH (TypSyjiGHTHOH) flH(|)(|)y3HH . 3to onepaTop B nacTHbix npoH3- 
BOflHbix BToporo nopaflKa, BOoSme roBopa, aHH30TponHbiH h ne o5a3aTejibHO 3HaKOon- 
peflejieHHbiH. Ecjih oh HivieeT nojiojKHTejibHbie coScTBeHHbie 3HaHeHHa, roBopaT o 
aBJieHHH OTpHii;aTejibHOH ;i;H(|)(|)y3HH. (OTpHii;aTejibHyio ;i;H4)4)y3Hio b KHHeMaTHHec- 
KOM flHHaMO HCCJie^iOBajiH Zheligovsky h flp. [2001], Zheligovsky h Podvigina [2003] 
H Zheligovsky [2005], b KOHBeKn,HH Pajiea-Benapa b npncyTCTBHH MarnnTHoro nojia 
- Baptista h ;i,p. [2004].) 

B HacToameii paSoTe paccMOTpena flajibHeiiniaa 3BOJiioii;Ha B03Myiii;eHHa b cjia6o 
HejiHHefiHOM pejKHMe. MF^ cocToanne V, H, P, HejinneHHaa ycTOHMHBOCTb KOToporo 
HCCJie;i;yeTca, y;i;oBJieTBopaeT cncTeivie ypaBHeHHH 
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— = i/AV + V X (V X V) + (V X H) X H - VP + F, (1.1) 

ot 

^ = r^AH + Vx (VxH) + J, (1.2) 

V-V = V-H-0. (1.3) 

3;i,ecb V(x, t) - CKopocTL. noTOKa npoBo;i;aiii;eH >kh;i,kocth, H(x, t) - MarHHTHoe nojie, 
P(x, t) - ^aBJienne, u m rj - K03c|)c|)Hii;HeHTbi KHHeMaTHHecKofi h MarHHTHofi MOJiexy- 
jiapHOH ^H4)4)y3HH, cooTBeTCTBeHHO, F(x, t) - o6T>eMHaa CHJia, J(x, t) OTBenaeT najiH- 
MHio B CHCTCMe pacnpe7i,ejTeHHa HajioJKeHHbix BHeniHHx tokob. HpeflnojioJKeHHe o 
CTaLi,HOHapHOCTH nojiefl V, H, P ne ^ejiaeTca. 

^jifl CHCTeMbi B cjiaSo HejiHHenHOM peiKHMe c^HiaeM, ^to aivinjiHTyfla B03MymeHHa 
nopaflKa s. BoaMymeHHoe cocToaHne V + £V, H + eh, P + ep TaKJKe y^OBJieiBopaeT 
CHCTeMe (1), OTKy^a npoc|)HJiH B03Myiii;eHHH v, h,p (b ^ajibHeiimeM 3th nojia 6yfleM 
Ha3biBaTb npocTO B03MymeHHaMH) yflOBjieTBopaiOT ypaBnenHaM 

dv 

— = i^Av + V x (V x V) + V x (V x v) + (V X h) x H + (V x H) x h 

+£(v X (V X v) + (V X h) X h) - Vp, (2.1) 

dh 

— = ?7Ah + V X (v X H) + V X (V X h) + £V X (v X h), (2.2) 
at 

V • V = V • h = 0. (2.3) 

K CHCTeMe ypaBHenHii (2) npHMenacM MCTO^bi TCopHH ocpeflHCHHa ypaBHenHfi b 
nacTHbix npoH3BOflHbix [Bensoussan h flp., 1978; Oleinik h flp., 1992; Cioranescu h 
Donate, 1999]. Bbo^hm 6biCTpbie npocTpancTBenHbie x h BpeMCHHyio t nepeMennbie h 
cooTBeTCTByiomHe MefljieHHbie nepeMennbie X = ex, T = e'^t n npeflCTanjiaeM B03My- 
ni;enHe b BH^e 4)opMajibnbix CTcnennbix pa;i;oB no e. HocjieflOBaTejibno paccMaTpnnaeM 
ocpeflnennyio no 6biCTpbiM nepcMcnnbiM n ocn;HJiJiHpyioni;yio nacTH nojiynennbix ypan- 
nenHH npn KajKfloii CTenenn Sia npon,eflypa nosBOJiacT BbiBecra (xaK ycjiOBne 
pa3peinHM0CTH ypaBnenHii b 6biCTpbix nepcMennbix npn n — 2) saMKnyTbie nejinneii- 
Hbie ypaBHenna b Mefljiennbix nepeMennbix /xjia ycpeflnennoro rjiabnoro Hjiena pasjio- 
jKenna B03Myni,eHHa. B TepMnnojiornn o63opa Newell n ^p. [1993], 3th ypannenna (b 
;i;ajibneHmeM Sy^eM na3biBaTb nx ypabnennaMn cpe^nnx nojieii) onncbinaiOT MCflJienno 
MOflyjinpoBannbie KOHc|)Hrypan,HH TeMennii ("order parameter equations for slowly 
modulated patterns"). Ohh o6o6ni,aiOT ypaBnenna HaBbe-CiOKca (1.1) h MarnnTnon 
HH;xyKHHH (1.2). BMecTO onepaTopoB .Jlanjiaca b hhx noaBjiaeTca onepaxop kom6hhh- 
poBannoii nnxpeBoii ^HcJ^cj^yann, KaK n b JinneMHOii 3aflaHe. (TaKUM o6pa30M, ecjin 
HMCCT MCCTO 3(i)(i)eKT OTpHn;aTejibnoH flH(i)(i)y3HH, TO ypannenna cpe^nnx nojien nepe- 
cxaiOT 6biTb napa6ojiHHecKHMH.) KpoMC Toro, b nnx npncyxcTByiOT flonojinnTejibnbie 
KBaflpaTHMHbie Mjienbi, anajiornHnbie aflBCKTHBUbiM. TeH3opbi nnxpeBoii flH4)4)y3HH h 
BHxpeBoii a/iBeKHHH onpe7i,ejTaiOTca ^epe3 penienna BcnoMoraTejibHbix sjijinnTHHecKHx 
(;i;jia CTan;nonapnbix KonneKTHBUbix cocToannii) njin napaSojinnecKux 3aflaH b Sbict- 
pbix nepcMcnnbix. 
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YpaBHeHHa cpeflHHx nojieii ^Jia ^ByMepHbix rH^po^HHaMnnecKHx CHCTeM b OTcyTC- 
TBHe MarHHTHoro nojia paccMaTpHBajiH b TepMnnax 4)yHKii;HH TOKa Gama h flp. 
[1994]. 

2. IIpe^nojioateHHH 06 HCCJie^yeMOM MF/]^ coctosihhh V, H, P. B ynoManvTbix 
Bbime CTaTbax npe;i,nojTarajTacb nepHo;i,HHHOCTb nojieii V, H, P no SbiCTpbiM npocTpan- 
CTBeHHbiM nepeMeHHbiM. 3to ycjiOBne naSbiTOHHO, h b HacToameii paSoTe oho ne 
CTaBHTCfl. CMHTaeM, HTO nojia V, H, P, onpeflejiaiomHe HCxoflHoe MF^ cocToaHHe, 
ycToiiHHBOCTb KOToporo HCCJieflyeTCfl, rjia^KH h rjio6ajibHO orpanHHenbi, KoppeKTHbi 
Bce npocTpaHCTBeHHO-BpeMeHHbie ycpe.TXHeHTTJi, npoB07i,HMbie b npon,ecce BbiBo^a ypaB- 
HeHHH cpe;i;HHx nojieii, h HMeiOT peineime t.ii. BcnoMoraTejibiibie 3a;i;aHH, c(J)opMyjTHpo- 
BaHHbie HHJKe. KaK jierKO BHflexb, nepBbie ;i;Ba ycjiOBna BbinojineHbi, ecjin ncxo^Hoe 
cocToaHHe nepnoflHHHO no npocTpancTBy n CTan;HOHapno hjih nepno^nnno no BpeMenn, 

HJIH eCJIH OHO KBa3HHepH0flHMH0 HO HpOCTpaHCTBy H BpeMCHH, H 3HepreTHHeCKHH 

cneKTp flocTaTOHHO 6bicTpo saTyxaeT. (Hojie / CHHTaeTca KBa3HHepHo;],HHHbiM no 
CKajiapHOH nepeMennoH x, earrn f{x) = f{aiX, ... ,amx), f nepnoflnnno no KajK^oii 
CBoeii nepeMennoii c Oflnnivi n tgm jkg nepnoflOM, n Bce OTHomenna KOHCTanT dni/cin^ 
npn rii 7^ n2 Hppan;HOHajibHbi.) HivieeTca b BH;i;y ycpe^nenne no 6biCTpbiM nepeMeH- 
HbiM: 

«f(x,t,x,r))> . to ita -L^7';^y_^/'^(x.*,x.T)dx* 

- cpeflnaa, a {f } = f — ((f)) - ocn,HjiJiHpyion],aa nacTH nojia f . 

0603HaHHM 

1 i-e/2 i-e/2 i-e/2 
(/)^lim-/ / / /(x,...)cix 

^^oo J -1/2 J-t/2 J -112 

- HpocTpaHCTBennoe (no SbiCTpbiM nepeMennbiM) cpeflnee /. H3 n,eHTpajibHOH chm- 
MeTpHHHOCTH HCxoflHoro MF^ cocToanna: 

V(-x,i) = -V(x,i); H(-x,i) = -H(x,i); P(-x, = P(x, 

(cHHTaeM, HTO nanajio KOopflnnaT pacnojioaceno b n;eHTpe, OTnocHTejibno KOToporo 
CHMMeTpHHHO MF^ cocToaHHe) cjieflyeT, hto npocTpancTBennbie n, cjieflOBaiejibno, 
npocTpancTBeHHO-BpeMenHbie cpeflnne 3thx nojieii paBHbi nyjiio. 

npe7i,nojTaraeM, hto HCX07i,Hbie cocToaHna ycTOHMHBbi k B03MyTii,eHHaM c MajibiM 
npocTpancTBennbiM MacniTaSoM. OnepaTopbi jiHHeapH3an;HH ncxo^nbix ypaBnennn 
(2) B OKpecTHOCTH HCCJieflyeMoro MF^ cocToanna HMeiOT bh;i; 

£"(w, g, = -— + z/A,w + V X (Vx X w) + w X (Vx X V) 

+(Vx X H) X g + (Vx X g) X H - V^g, 

C\w, g) = + riA^g + Vx X (V X g + w X H) 

HycTb nojia w, g n g rjTo6a.rrbiio orpannnenbi BMecTe c nx npoH3BOflHbiMH. B cnjiy 
(1.3) H nocKOJibKy V n H npnnaflJiejKaT STOMy KJiaccy, 
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(£^(w, g, q)) = + (VVx • w - HVx ■ g); (3.1) 

(^^w,g)) = -^ (3.2) 

^ ((£'^(w,g,g))) = ((VV.-w-HVx-g)); {{C\w,g)}^0. (4) 
Ha (4) cjieflyeT, mto ycjiOBHa 

r(x,t))) = r(x,t))) = (5) 

Heo6xoflHMbi fljifl cymecTBOBaHHfl pemenHH CHCTeMbi ypaBneHHii 

/:\w,g,q)^r, £'^(w,g) = f^ (6.1) 

Vx ■ w = Vx ■ g = (6.2) 
H3 paccMaTpHBaeMoro KJiacca. Bcjie;i;cTBHe (3) npocTpancTBeHHoe cpeflnee pemenHH 

CHCTeMbi 

C{w,g,q)^0, £'^(w,g) = 0, (7.1) 
Vx ■ w = Vx ■ g = (7.2) 

H3 SToro KJiacca 4)yHKii,HH coxpanaeTca bo BpeMenn, nosTOMy jinneHHaa ycTOHHHBOCTb 

HCXOflHOrO MF/]^ C0CT05IHH5I He aCHMHTOTHMeCKaa. ByflCM CHHTaTb, MTO BCHKOe peiHCHHe 

(7) H3 yKaaaHHoro Kjiacca 4)yHKii,HH c nyjiCBbiM HpocTpancTBenHbiM cpeflHHM aKCHOHCH- 
H;HajibHO saTyxacT bo BpeivieHH. 

B ;i,a.rrbHeHmeM Hpe;i;HOJiaraeM, hto fljia HpoH3BOJibHbix rjio6ajibHO orpannHenHbix 

BMCCTC C npOHSBO^HblMH TJiaflKHX COJICHOHflajIbHblX HOJICH P(x, t) , f'*(x, t) C HyjICBblM 

cpeflHHM (6) HMecT HpH 3aflaHHbix HaMajibHbix ycjiOBHflx eflHHCTBeHHoe pemeHHe 
w, g, B yKaaaHHOM npocTpancTBe. 3to ycjiOBne BbiHOJineno, nanpHMep, fljia npocT- 

paHCTBeHHO-HepHOflHHeCKHX CTaH;HOHapHbIX HJIH HepHOflHHeCKHX HO BpeMCHH yCTOH- 
HHBblX K KOpOTKOMaCmTa6HbIM (hC 3aBHC5IIIi;HM OT MCflJienHblX HepcMeHHbix) B03MyiH;e- 

HHJiM cocToaHHH MFJX CHCTCM o6iH;ero HOJioiKCHHa (iviajioe B03MyiH;eHHe nojieii F h J 
B CHCTCMax, r/],e oho hc BbiHOJineno, hphbo^ht jih6o k neycTOHHHBOCTH, jih6o k ero 
BbiHOJiHCHHio) . PemeHHe (6) mojkct 6biTb nocTpoeno, KaK pemenne Hapa6ojiHMecKoro 
ypaBHCHHa (o^naxo HOCKOJibKy o6jiacTb, KOTopyio 3aHHMaeT o6'beM acHflKOCTH, ne 
KOMHaKTHa, Hejib3a rapaHTHpoBaTb, hto oho 6yfleT rjio6ajibHO orpannneHO bmcctc c 
HpoHSBOflHbiMn). Ero e;i;HHCTBeHHOCTb HpH flaHHbix HanajibHbix ycjiOBnax cjie^ycT h3 
CflCJiaHHoro Bbime HpeflHOJioJKenHH o xapaKiepe jiHHeiiHOH ycToiiHHBOCTH HCxoflHoro 

MFJX COCT05IHH5I. 

3. OopMajibHbie acHMnTOTHHecKHe pasjio^ceHHH. Pemenne sa^ann (2) HiH;eM b 
BHfle CTenenHbix pa^OB 

V = f; v„(x, t, X, r)£", h = f; h„(x, t, X, T)e^, (8) 

n=0 n=0 
oo 

p=^p„(x,i,x,r)£". (9) 

n=0 
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CnHTaeM, hto b HanajibRbiH mombht BpeMeHH Bce HJienbi pa^OB (8) aaflanbi. 

HpHpaBHaeM Hyjiio K034)4)Hii;HeHTbi pa^OB no CTenenaM £, nojiynenHbix no^CTanoB- 
KOH pa7i,0B (8) B (2.3). Bbiflejiaa cpeflHioio h ocn,HjiJiHpyioii],yio HacTb nojiyHenHbix 
ypaBHeHHH, naxoflHM 

Vx ■ ((v„)) = Vx ■ ((h„)) = 0, (10.1) 

Vx ■ {v„} + Vx • {v„„i} = Vx • {K} + Vx ■ {h„_i} = (10.2) 

npn Bcex n > 0. 3flecb h ^ajiee b flH4)4)epeHn,HajibHbix onepaiopax c HH^eKcaMH x h 
X flH4)4)epeHn,HpoBaHHe npoH3BOflHTca no 6biCTpbiM n MeflJiennbiM npocipancTBen- 
HbiM nepeMennbiM, cooTBeTCTBenno (nee HJienbi pa^OB c nn^eKCOM n < no onpe^ejie- 
HHK) paBHbi 0). 

no;i;cTaBHB (8) n (9) b ypaBnenna (2.1) n (2.2), npeoSpaayeivi nocjie;i;HHe k Bn^y 
pasencTB pa^OB no cienenaM e. HpHpannnBaa K034)(J)Hn,HenTbi 3thx pa^OB, nojiynaeM 
peKyppeninyio CHCTeMy ypaBnennii, KOTopyio nocjieflOBaiejiBno pemaeM coBMecino c 
ycjiOBHaMH (10), Bbiflejiaa cpeflnioio n ocn,HjiJiHpyioin,yio nacTb Ka>Kfloro ypasnenna. 

4. ypaBHeHHH Hopa^Ka H3 rjiasnbix njienoB pa^OB (2.1) n (2.2) nojiynaeM 
ypaBnenna 

C'{{vo}, {ho}, {po}) + ((vo)) X (Vx X V) + (Vx X H) X ((ho)) = 0, (11.1) 
£'^({vo}, {ho}) + (((ho)) • Vx)V - (((vo)) • Vx)H = 0. (11.2) 

HocKOJibKy cpeflnne ((vo)) n ((ho)) ne aaBHcai ot 6biCTpbix nepeiviennbix, a b onepaxopax 
H 7i,H4)4)epenn;HpoBanHe npoBO/XHTca tojibko no 6biCTpbiM nepeMennbiM, b cnjiy 
jinneiinocTn (11) 3th ypannenna nMeiOT pemenna cjieflyion^en cipyKTypbi: 

{vo} -eo+ E(sr K)) + s^^((ho^))), (12.1) 

k=l 
3 



{ho} ^eo + E(Sf K)) + Sr ((hS))), (12.2) 



fe=i 
3 



{po} -eo + Ei-^r K)) + st'^iK))): (12.3) 



k=l 



r^e 4)ynKn,HH (x, t) asjiaiOTca pemennaMH ecnoMoeameAbHUX sadan nepeoeo muna 

C\Sl'\ Sf , = -e, X (Vx X V), (13.1) 

Vx • Sr = 0, (13.2) 

>C^Sr,Sf) = ^ (13.3) 

Vx ■ Sf = 0; (13.4) 

£^(S^^S^•^5^^)=e,x(VxXH), (14.1) 

Vx • S^^ = 0, (14.2) 

^.(gM^gM)^_£^^ (14.3) 

Vx ■ S^'^ = 0, (14.4) 

a Co(^' ^1 ^) yflOBJieTBopaiOT 
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S^ecb e/j - e;i;HHHHHbiH bcktop B;i;ojib och KOopflHHaT Xk, BepxHHH HH;i;eKC k HyMepyeT 
KOMnOHeHTbi BeKTopa: 

((vo)) = i:((vo^))e,, ((ho)) = i:((hS))e,. 

k=l k=l 

YcjiOBHa (13.2), (13.4), (14.2) h (14.4) Heo6xoflHMbi ^jih BbinojiHenHH (10.2) npn 
n = 0. 

B KanecTBe iiaMajibHbix ycjiOBHii fl.jisi 3aji,aH (13) h (14) BbiSepeM iieKOTopue 
rjioSajiBHO orpaHH^eHHbie BMecie c npoHSBOflHbiMH rjiaflKHe cojienoHflajibHbie nojia, 

aHTHCHMMeTpHMHbie OTHOCHTejIbHO n,eHTpa, C HyjieBbIM npOCTpaHCTBeHHbIM CpeflHHM. 

Tor^a (13) h (14) hmgiot eflHHCTBeHHbie pemenHa corjiacHO npeflnojioJKeHHio o paspe- 
niHMOCTH 3aai;aH (6) (ycjiOBne paspeniHMOCTH (5) ^Jia hhx Bbinojriieiio b CHJiy rjioSajib- 
Hoii orpaimneiiiiocTH nojiefl V h H). B351B flHBepreimHio ypaBiieimfl (13.3) h (14.3), 
HaxoflHM, HTO fljia BbinojiHeHHfl (13.4) h (14.4) npH t > Heo6xoflHMO h flocTaTOHHO 
noTpe6oBaTb cojienoHflajibHOCTb S^'* npn t — 0. IlpocTpaHCTBeHHbie cpe^HHe npasbix 
MacTeii ypaBHenHii (13.1), (13.3), (14.1) h (14.3) pasHbi nyjiio, no3TOMy Tpe6oBaHHe 
(S^, ) = npH t = BJie^eT Torji;a ((Sj^! )) = b CHJiy (3). AHajiornHiio, Bbinojiiieime 

yCJTOBHH Vx-^o = H (^q) = ;i,OCTaTOHHO TpeSoBaXb TOJIbKO npH t = 0. Bcjie^CTBHe 

ii;eHTpajibHOH CHMMeTpHHHOCTH HCxo;i;Horo MFJJ^ cocToaHHa npocTpancTBa ii;eHTpajib- 
HO-CHMMeTpHHHbix H n,eHTpajibHO-aHTHCHMMeTpHMHbix nojiefl HHBapHaHTHbi fljia one- 
paTopa jC — {jC",jC^), noaiOMy pemenHa S]^' cooTBeTCTByiOT n,eHTpajibHO-aHTHCHM- 

MeTpHHHblM COCTOaHHaM: 

s;^"(-x, t) = sr (x, t), sti-^, t) = s-^i^, t), 

sn-^,t) = -sn^,t). 

HaHajibHbie ycjiOBHa fljia aaflaMH (15) Bbi6HpaeM h3 ycjiOBHii 

vo = + E (sr((vo')) + S^'^((ho^))) + ((vo)), (16.1) 

k=l 

ho -to + i: (Sf ((vo^)) + S^^(hg))) + ((ho)) (16.2) 

k=l 

npH t = 0. YcpeflHaa (16) no SbiCTpofi npocTpancTBeHHOH nepeMeHHofi, naxo^HM 

((vo)) |t=o = (vo) |t=o, ((ho)) |r=o = (ho) \t=o, 

a H3 ocii;HJiJiHpyK)iii;HX no SbiCTpon npocTpancTBennoH nepeMennon nacTH ycjiOBnn 
(16) naxoflHM naMajibHbie ycjiOBna fljia 3aflaHH (15). H3MeHeHHe naMajibHbix ycjiOBnii 
fljia Sj^ B paccMaTpHBaeMOM Kjiacce naHajiBKbix ycjiOBnii KOMnencnpyeTca cooTBeTCT- 
ByiomHM H3MeHeHHeM HaMajTbHbix ycjiOBHH 7i,jTa ^Q, o;i,HaKO, KaK 6y/ieT noKa3aHO 
HHJKe, 3Ta HeoflH03HaHHOCTb ne B.iraaeT iia bh;:, ypaBiieimii fljia cpefljmx nojieii, nocKOJib- 
Ky 3TH H3MeHeHHa S'^' H ^0 3KcnoHeHn;HajibHO 3aTyxaiOT bo Bpeivienn (t.k. ohh aBJiaiOTca 
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pemeHHaMH aaflann (7) c nyjieBbiMH npocTpaHCTBenHbiMH cpe^HHMn). B cjiynae, ecjin 
HCxo^Hoe MF^ cocToaHHe CTaii;HOHapHO hjih nepnoflKHHO no 6biCTpoMy BpeMeHH, fljia 
yflo6cTBa BbiMHCJienHa npocTpaHCTBeHHO-BpeMenHbix cpe/XHHx ecTecTBGHHO noTpeSo- 

BaTb, HT06bI 4)yHKn,HH 6bIJIH, COOTBeTCTBeHHO, CTan,HOHapHbIMH HJIH nepHO^HHHbl- 

MH no BpeMenn pemennHMn aa^an (13) n (14). CymecTBOBanne TaKHx CTan,Honapnbix 
pemennn npn paccMaTpnBaeMbix ycjiOBnax flOKaaano ^ejinroBCKHM [2003] ( (13) n 
(14) CBO^aTca Tor^a k nepnon BcnoMoraTejibnon aaflane, paccMOTpennon b yKaaannon 
CTaxbe); nepnoflnnecKHii no BpeMenn cjiynan paccMaTpnBaeTca anajiornnno (cm. Zhe- 
ligovsky H Podvigina [2003]). Tor^a $q HMeei cmmcji 3aTyxaioiu,Hx nepexo^nbix npo- 
n,eccoB, npHBO^amnx k ycTanoBHBmeMyca (b 6biCTpoM BpeMenn) peacnMy. 

5. "VpaBHeHHa nopa^Ka e^. Ypannenna, nojiynennbie na njienon pa^OB (2.1) n 
(2.2) nopa/i;Ka e, nMeiOT nnfl 

£''({vi}, {hi}, {pi}) + ((vi)) X (V. X V) + (V. X H) X ((hi)) 

+2i/(Vx • Vx){vo} + V X (Vx X vo) + (Vx x ho) x H 

+vo x (Vx x {vo}) + (Vx X {ho}) X ho - VxPo = 0, (17.1) 

C\{^r,}, {hi}) + (((hi)) ■ Vx)V - (((vi)) • Vx)H + 2r]{V^ ■ Vx){ho} 

+Vx X (vo X H + V X ho) + Vx X (vo x ho) = (17.2) 

(sflecb ncnojibsoBanbi cooTnomenna (10) npn n = 1). B cnjiy jinneiinocTn 3Tnx 
ypannennn onn nMeiOT pemenna cjie;i;yK)ni;eH CTpyKTypbi: 

{vi} = + E f sr ((v^)) + s^-((ht)) + x: (g- ^ + g;:;:,^ 

fe=l V m=l V ^^rn OJirn 

+ QZ':M))iO) + Qt^KKW + QSn(hS))«)))) , (18.1) 

{hi} = + E fsf ((v^)) + Sr ((h^)) + E (Gt.^ + Gt',^ 

+ Q^t ((Vo')) ((Vo™)) + QS'.'((vo')) {K)) + Q^'jf ((hS)) iK))) ) , (18.2) 

D,P ^((Vp)) I r'^,v 



iv.\ = il + E \s7{^'di + 5."((ht)) + E 1^^-!^^ + ^^^-Mt 

+ Q'Zi^mo) + <f ((vo'))((h^)) + QttiKnK))^ , (18.3) 

r^e 4)ynKn,nn G anjiaiOTca pemennaMn ecnoMoeameAbHUX sadan emopoeo muna: 
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^"{GZk, Gl% Gl^,,) = -2u-^ - Y^e^ + V^e, - (V ■ )e^ 

^ymg.,. _^ ^ (jj . g.A)g^ _ Jj-Sf (19.1 

Vx ■ = -{srr, (19.2 

^GZu. G^k) = -2r/^ - e„ X (V X Sf + (Sr + e,) x H) ; (19.3; 

Vx-G::;5, = -(sfr, (19.4 

^'iGt% Gt% G%) = -2u^ + U'e^ - H^e, - (V • S^^)e^ 

+ymgh,v ^ ^^gh,p ^ . S^''^)e^ - H^^Si^''^ (20.1 

Vx • G^l = -{Si^r, (20.2 

^\Gtl. Gt\) = -2ry^ - X (V X (S^''^ + e,) + S^" x h) ; (20.3 

Vx • G^j:, = -{si'r, (20.4 

4)yHKn,HH Q - pemeHHHMH ecnoMOsameAbHux aadan mpembeso muna: 

^""{QZ'l QZt, QZS) = -(Sr + e.) X (V. x sr) - (V. X Sf ) X (21.1 

>c^Q^:,^ Q;t) = -Vx x ((sr + e.) x s;;;'^) (21.2 
>c^(q;';, Q^t Qtt) = -(sr + e.) X (V. X s:^'') - s:^- x (v. x sd 

-(Vx X Sf ) X (S::;'^ + e„,) - (V^ x S^^;'^) x Sf , (22.1 

^'(Q™:fc , = -Vx X ((Sr + e,) X (S::;'^ + e^) + S::;'' X Sf ); (22.2 

^''{Q'J::k. Q'J:,t O) = -S^^ x (Vx x S;;;^) - (V. x S^'^) X (S;^'^ + e„), (23.1 

^\Q'J::k. Q^jf ) = -Vx X (S^'" X (S^'^ + e^)) (23.2 

Vx ■ Q^;, = 0, (24 
a (i)yHKii;HH - pemeHHaMH aa^an 

>C^(^i, ti, ei) = -2^(V. • Vx)^S - V X (Vx X ^o) - (Vx x ^o') x H - x (V. x vq 

-(Vx X ho) X - (vo - O X (Vx X O - (Vx X X (ho - ^o') + Vxa, (25.1 

Vx ■ + Vx ■ £o = 0, (25.2 
ti) = -2ry(Vx • Vx)€o' - (H • Vx)£S + (V • Vx)€o' - VVx • to + HVx • Co, 

-(to ■ Vx)vo + (Co ■ Vx)ho - ((ho - to) ■ Vx)£S + ((vo - O ■ ^.)to, (25.3 

Vx-£? + Vx-^S = 0. (25.4 
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YcjiOBHa (19.2), (19.4), (20.2), (20.4), (25.2), (25.4) h (24) rapaHrapyiOT Bbinojine- 
HHe (10.2) npH n — 1. Bsjib flHBepreHii;Hio ypaBHenHfi (19.3) h (20.3) h K0M6HHHpya 
nojiyMeHHbie paseHCTBa c (13.3) h (14.3), cooTBeTCTBenHO, nojiynaeM paseHCTBa 

(-| + r;A,,) (Vx • G4 + (S;^'^)™) = 0, 

OTKyfla (19.4) h (20.4) BbinojineHbi npn t > Tor^a h tojibko Tor^a, Kor^a ohh 
BbinojiHeHbi npH t — 0. H3 flHBepreHn,HH ypaBHenHii (21.2), (22.2) h (23.2) naxoflHM, 
HTO nojTii Q!^\ cojienoHflajibHbi npn t > ecjiH h tojibko ecjiH ohh cojienoHflajibHbi 
npH t = 0. BaaB ;iHBepreHii;Hio ypaBHenna (25.3) no SbiCTpbiM nepeMennbiM, naxoflHM, 
Hcnojibaya paBencTBO >C^(|q,|q) = (15), 

+ r/A. j (Vx ■ = -Vx ■ (Vx X (i;; X H + V X |^')) 

= Vx • (Vx X (1^ X H + V X to)) = - (-^ + ^^x) (Vx • to), 

OTKyfla (25.4) BbinojiHeno npn t > Tor^a h TOJibKO Tor^a, Kor^a oho Bbinojineno 
npH t — 0. 

B KanecTBe Ha^iajibHbix vcjtobhh ^jia aa^a^ (19)-(24) Bbi6epeM neKOTopbie rjio6ajib- 
HO orpaHHHeHHbie BMecxe c npoH3Bo;i;HbiMH rjia;i;KHe nojia, y;i;oBJieTBopaioiii;He (19.2), 
(19.4), (20.2), (20.4) h (24), aHTHCHMivieTpHHHbie OTHOCHTejibHO ii;eHTpa (npocTpancT- 
BeHHbie cpe^HHe KOTopbix cjie^OBaTejibHO paBHw nyjiio). HanajibHbiMH ycjiOBHSMH 
fljifl MoryT cjiyjKHTb jiio6bie rjio6a.rrbHO orpanHHenHbie BMecTe c npoH3BOflHbiMH 
rjiaflKHe nojia, y^OBjieTBopaiomHe (25.2) h (25.4). HHTerpnpya (25.1) no 6biCTpoMy 
BpeMenn n ycpe^naa peayjibiaT c yneTOM panencTB (3), (25.2) n ((£1)) — (cm. (18)), 

HaXO/I,HM 

iO\t=o = {J^ (VVX • lo - HVx • lo' 

-V X ( Vx X Co) - (Vx X to) X H + VxC^) dt ) ; 
anajiornnno h3 (25.4) 

iti) I t=o = - ( /J Vx X (V X to +eoX^)dt). 
HocKOJibKy npocTpancTBennoe cpe;i;Hee KajK^on cyiviMbi no /c b (18) paBHO 0, 

(vi) = ((vi)) + (0; (hi) = ((hi)) + (|?). 

OTCiofla, anaa vi|j=o h hil^^o, naxo;],HM ((vi))|r=o h ((hi))|T=Oi ^ aaTeivi h3 (18.1) n 
(18.2), r^e {vi} = Vi — ((vi)) n {hi} = hi — ((hi)), naxo^HM nanajibnbie ycjiOBna fljia 
aa^aHH (25). HaMenenne naHajibnbix ycjiOBnii fljia G'^j^ h Q^ j. b paccMaipHBaeMOM 
Kjiacce na^ajibHbix vcjtobhh KOMnencHpyeTca cooTBCTCTByiomnM naMeneHneM naMajib- 
Hbix ycrroBHM li, o^inaKO, KaK 6yfleT acno h3 ^lajibneHinero, sxa neoztnoanaHHOCTb 
ne BJinacT na BHfl ypaBnennn ^Jia cpe;i;HHX nojieii, nocKOJibKy BbiaBannbie sthm 
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H3MeHeHHa nojiefi G^j. h Q^^ 3KcnoHeHii;HajibHO aaTyxaiOT bo BpeMenn (t.k. ohh 
aBJiaiOTca pemeHHsiMH aa^ann (7) c nyjieBbiMH npocTpaHCTBennbiMH cpeflHHMn), h 
nosTOMv He JiamT EKjiaji, b npocTpaHCTBeHHO-BpeMenHbie cpe^HHe, onpe^ejiaioui;He 
K034)4)HLi,HeHTbi B HOBbix MjiGHax, BOflBjifliomHeca B ypaBHeHHflx fljia cpe^HHx nojien. 
B cjiynae, ecjiH HCxoflHoe MF^ cocToanHe CTan,HOHapHO hjih nepHOflH^no no (SbiCTpo- 
My) BpeMCHH, ^Jia yflo6cTBa BbinHCJienna npocTpaHCTBeHHO-BpeMenHbix cpe^nnx ec- 
TecTBeHHO noTpe6oBaTb, HTo6bi 4)yHKii;HH G'^j^ h Q^ ^ 6biJiH, cooTBeTCTBeiino, CTaii;H- 
OHapHbiMH HJIH nepno^HMHbiMH no BpeMenn pemennaMH aaflan (19)-(24). Cyni;ecTBO- 
nanne TaKHx CTan,Honapnbix pemennii paccMOipeno ^ejinroncKHM [2003]; nepnofln- 
HecKHii no npeMenn cjiynaii paccMaTpnBaeTca anajiornHno (cm. Zheligovsky n Pod- 
vigina [2005]). 

HpaBbie nacTH ypaBHennfi (19)-(23) hmbiot nyjieBbie cpeflnne, t.k. ncxoflnbie MFJX 

C0CT05IHHJI CHMMeTpHHHbl OTIIOCHTejIbHO HaHajia K00p;i;HHaT, a 4)yHKn;HH S^' COOTBGT- 

CTByiOT n,enTpajibno-anTHCHMMeTpHHnbiM cocToannaM. B ypaBnennn (4), aanncannoM 
fljia BcnoMoraTejibnbix saj^an (19) n (20) BToporo inna, corjiacno ycjiOBHHM (19.2), 
(19.4), (20.2) H (20.4), a TaKJKe b cnjiy Toro, hto ncxoflnbie nojia V n H hmbiot 

CHMMeTpHIO, npOTHBOnOJIOiKHyiO CHMMeTpHH nOJIBH S^', ((VVx ■ G'm^kl) ~ 

((HVx ■ G'^i^} = 0. B ypaBHennn (4), sanHcannoM fljia 3a;i;aHH (25), ((VVx • ^i)) = 
((HVx'^i )) ~ corjiacno ycjionnaM (25.2) n (25.4) n nocKOJiBKy Vx-^q 3Kcnonenn,Hajib- 
no aaiyxaiOT bo BpeMenn. TeM caMbiM ^jia Bcex paccMaTpHBaeMbix aa^an (19)-(24) 
BbinojiHBHO ycjiOBHe paapemHMOCTH (5), n ohh HMeiOT eflnncTBenHbie pemenna corjiac- 
no npe^nojioiKennio o paapeniHMOCTH aa^an (6). 

HocKOJibKy npocTpancTBa n;enTpajibno-CHMMeTpHHHbix n n;enTpajibno-anTHCHM- 
MeTpHMHbix nojren nnnapnanTnbi /xjra onepaTopa C = {C",C^), pemenna G '' n Q"'' 
cooTBCTCTByiOT n,enTpajibno-CHMMeTpnnnbiM cocToannaM: 

G^m,fe(~^' = ~Gi^j,(x, t), G^'^j,(-x, t) = -G^j^{yi, t), 

Qm!fc(-x, t) = -Q;^yx, t), Q;;^fc(-x, t) = -Q^5t(^' 
Q^y-x,^) = g;;!;(x,t). 

rioKajKCM, HTO pemenna aaflann (25) 3Kcnonenn;Hajibno aaTyxaiOT bo BpcMcnn. 
(AnajTomMno ji,0Ka3biBaeTca, hto SKcnoneHnnajTbHO BaTyxaiOT bo BpeMenn nsMcnenna 
4)ynKn,nH G'^^,^ n Qm,fc) BbiSBannbie naivienennaMH nanajibnbix ycjionnn ^jin .) 
CflCJiacM noflCTanoBKy $,1 — ^ ^+VxC^, — ^ '*+VxC'') r^e ^ n ^ cojienon^ajibnbi, 
a ^ - rjio6ajibno orpannnennbie bmcctc c nponanoflnbiMn rjiaflKne pemenna ypannennn 
Ax^"+Vx-Co = H Ax^'^+Vx'^o ~ npocTpancTBcnnbie cpeflnne KOTopbix pannbi 
nyjiK) (onn tcm caMbiM TaKJKC 3Kcnonenn;najibno aaiyxaiOT bo BpeMenn). 06o3naHHM 
R(x, t) npaBvio nacTb ypaBnennn (25.1), (25.3) nocjie yKaaannon no;i;cTanoBKn (aann- 
cnMOCTb 4)ynKn,nH ot MCflJiennbix nepcMcnnbix ^jia npocTOTbi anno ne yKaabinaeM). 

Ycpeflnaa ypannenne ) = R c yneiOM (3), nojiynacM 

= (R) ^ -(^ )l.=.. + )\t=o = J\^)dt- 
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YcjiOBHe ((^ )) = BJieneT 

)|t=o = lim - r r{R)dtdti =^ 
T— ►oo T Jq Jo 

{^)\t=t2 = lim - r f\lC)dtdti = lim - T f\li)dtdti. 

T^oo r Jo Jt2 T^OO T Jt2 Jt2 

Hcnojib3ya oii;eHKy |(R(x, < CRe~"*|R(x, 0)| \/t > 0, naxo^HM OTCio;i;a 
\{k < (cR/a)|R(x,0)|e-"*^ > 0- 

TaKHM o6pa30M, HaM ocTajiocb noKaaaTb, hto ecjiH y pemenHa ypaBHenna 

C{^) — R KOMnoHeHTbi ^ H ^ cojieHOH^ajibHbi, npH t = Hx npocTpaHCTBeHHbie 
cpeflHHe paBHbi nyjiio, (R) = 0, h fljia HopMbi || ■ || HMeeT mgcto on,eHKa 

||R(x,i)||<CRe-"*||R(x,0)||Vi>0, 

TO $, 3KcnoHeHn,HajibHO aaiyxaeT b HopMe || • ||. 

B cooTBeTCTBHH c HaniHM npeflnojioJKeHHeM o6 HCCJie^yeiviOM MFJI cocToanHH, 
jiioSoe rjioSajTbiio orpaim^ieiiiioe pemenHe ^ = (^^,^ ,^^) CHCTeivibi ypaBneHHii 

c''{i\i\e) = ^, c\i\t) = Q, Vx-r = Vx-^" = o (26) 

c jTio6biMH cojieHOH;i;ajibHbiMH HanajibKbiMH ;i;aHHbiMH c nyjieBbiMH cpe;i;HHMH SKcno- 
HeHii;HajibHO saTyxaeT, T.e. ^Jia neKOTopbix KOHCTanT C h o; > npn JiioSbix ti> t2>Q 
BbinojiHeno nepaBencTBO 

||^(x,ti)|| <Ce""(*-*^)||^(x,t2)||. (27) 

(Be3 noTepH o6iii;hocth mojkho CHHTaTb, hto b (27) TaKofi jkg noKaaaTejib SKcnoneHTbi, 
KaK H B on,eHKe fljia ||R)||.) 

PemeHHe paccMaTpHBaeMoii aaflaMH npeflciaBHM b bh^b cyMMbi 
$, = ^j+^jj, Tjifi - pemeHHe aaflann (26) c Heo^HopoflHbiMH HanajibHbiMH flannbiMH 
^i\t=o = ^i(x, 0), a ^jj - pemeHHe 3a;i;aHH 

JC-^Ch, in, en) = t), C\en, tn, ) = R'(x, t), 

c o^HopoflHbiMH HanajibBbiMH ^aHHbiMH ^ji\t=o — 0. CorjiacHO (27) 

||^,(x,i)||<Ce-"*||^,(x,0)||. (28) 

Ho HpHHn;HHy ^loaMejia 

in = / ^D(x,^,^)rfT, 
Jo 

r^e ^^(x, t,r) npn t > t - pemeHHe aa^aHH (26) c HanajibHbiMH flannbiMH 
^£,(x, t, r)|j=T- = R(x, r), h, SHa^HT, jijisi jiio6oro a' < a HMeiOT MecTO on,eHKH 

||^^(x,t)|| <Ce-"(*~^)CRe---||R(x, 0)11 =CCRe-°iR(x, 0)11 

||^//(x,t)|| < CCnte-"'\\R{^,0)\\ < C«/e-°'*||R(x, 0)||. 

3to HepaBencTBO coBMecTHO c (28) BjieneT jKejiaeMbiH peayjibTaT. 

6. ypaBHeHHH nopa^Ka e'^. YpaBneHHa, HOJiynenHbie h3 HJienoB pa^OB (2.1) h 
(2.2) Hopa;i;Ka nivieiOT bh^ 
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>C^({V2}, {h2}, {P2}) - ^ + U{2{V^ ■ Vx){vi} + AxVo) + ((V2)) X (V. X V) 

+ (Vx X H) X ((ha)) + V X (Vx X vi) + (Vx x hi) x H 

+Vo X (Vx X {Vi}) + Vi X (Vx X {Vo}) + Vo X (Vx X Vo) 

+(Vx X {ho}) X hi + (Vx X {hi}) X ho + (Vx X ho) X ho - VxPi - 0, 
^'{{^2}, {h^}) -^+V (2(Vx • Vx){ho} + Axho) + ((M • Vx)V 
-(((V2)) • Vx)H + Vx X (vi X H + V X hi + vq X ho) + Vx X (vi x ho + vo x hi) = 0. 
Hx cpe^HHe nac™ (ncnojibaoBaHO (10) npn n — 1,2) 

-^((vo)) + ^^V^K)) - E ^ ( V^vi} + V{vi} + v^ovo 

j=i 3 

-H^hi} - H{hi} - h^oho ) - Vxp' = 0, 
rfle p'(X, T) = ((pi - (|vo|2 - |hon/2 - V • Vi + H • hi)), h 

-^((ho)) + 77Ax((ho)) + Vx x (({vi} x H + V x {hj + Vo x ho)) = 

B CHJiy (12) H (18) npHHHMaiOT BHfl 

d „ .AAA ly^bi'^ ^H,v 



--((vo)) + .Ax((vo)) + E E E [^'r:,,,d^ + ""-^^'^dx^:.) 
+ E E E ^ (Ax-((vS)) ((V-)) + a;%((vo^)) ((h-)) + A:::;^^((ho^)) (h-))) 

j=l m=l k=l 

+(((vo)) • Vx)((vo)) - (((ho)) • Vx)((ho)) - Vxp' = 0, (29.1) 
- A((ho)) +r,Ax((ho)) + Vx i^tu^-^ + ^iHk^] + ((vo)) x ((ho)) 

\m=l k=l \ m / 



+ E E iKtU}iO) + <tU}iK} + <'tiK}iK})) = 0- (29.2) 



m=l fe=l 



3flecb D o6o3HaHaiOT K034)4)Hn,HeHTbi mjibhob ypaBHenHii cpeflHHx nojieii, OTBeMaiomHe 
T.H. BHxpeBoii flHc|)c|)y3HH, A - KBaflpaTHHHbix MjienoB T.H. BHxpeBoii aflBeKn,HH: 

^i:k,j = i-y'Gi:, - y{Gi:,y + wg:;;:;, + h(g;:;;^,)^)), (30.1) 

^'^Ij = ((-v^gs - nG'^ir + ii'G^rik + rLiG'J:ky)), m) 

^tk = i^><Gtk-ii><Gl\}, (30.3) 
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d;;;". = ((V X Gt\ - H X g;:;:,)) (30.4) 

(K03C|)C|)Hn,HeHTbI (30) HfleHTHHHbl K03C|)C|)Hn,HeHTaM TeH30pa KOM6HHHpOBaHHOH BHxpe- 
BOH flHC|)C|)y3HH B SaflaHB O JIHHefiHOii yCTOHHHBOCTH CTaii;HOHapHbIX COCTOaHHH 

[^ejinroBCKHH, 2003]), 

AX = ((-v^Qr; - ^{QC%y + h^q::.' + ^{QZtr + (sD^sr - (sf )^s:;;'^)), 

(31.1) 

= {-^'Qt; - ^{Qt;y + n^Qi' + h(q;'^)^- 
H^ry^t" + (s:^^)^sr - (sf )^s;^'^ - {st'^ysi^),, (31.2) 
a:^;^:, = ((-v^qs - v(qS'')^' + H^Q™t + ^i^'riiiy + (sr )^s::;^ - (s^'^)^s:;;'^)), 

(31.3) 

A^t = ((V X QLt - H X q;^;,^ + sr x S;;;'^)), (31.4) 
Ajf = ((V X Q;^^ - H X Qj'^ + Sr X S^'^ + S;^" x Sf )), (31.5) 
aS'^ = ((V X (t::;^ - H X Ctr!:;;: + S,^''' X S^^;^)). (31.6) 

7. BblHHCJieHHe K03(J)CJ)HI];HeHT0B BHXpeBblX HJieHOB. JIjIH BblMHCJieHHa KOB^)- 

(J)HHHeHTOB A H D B ypaBHeHHsx (29) ^ocTaTOHHO peniHTb 45 BcnoMoraTejibHbix 
3a/i,aM (6 nepBoro, 18 BToporo h 21 Tpeibero THna; 4)opMajibHO ypaBHennfl (21)-(24) 
onpe^ejiaiOT 27 aa^an TpeTbero THna, o^naKO b K03c|)c|)Hii;HeHTbi (30) h (31) nojia 

m'k H Qm,fc BXO^^aT He HH^^HBHflyajIbHO, a B BHfle CyMM Q^'^k + „ H Q„j. + Qfc^, 

H, cooTBexcTBeHHO, MOJKHO yMeHbHiHTb HHCJio peHiaeMbix aaflan (21) h (23) b oSohx 
cjiy^aax na 3, ecjiH hx npn m ^ k nepe(J)opMyjiHpoBaTb ji^jisi sthx cyMM). Hhcjto 
BcnoMoraTejibHbix aa^a^, KOTopbie neoSxoflHMO peniHTb, mo^kho yMenbinHTb BTpoe, 
ecjiH BBecTH B paccMOTpeHHe (xaK b pa6oTe [Zheligovsky, 2005]) ecnoMosameAbHue 
sadauu Sam conpHatceuHozo onepamopa (npn 3tom BbiHHCJiHTejibHaa cjiojKHOCTb pema- 



eMbix aaflan ne yBejiHHHBaeTca) : 

(Cnz]::, z;;„^) = n-Wer. - V-e,), (32.1) 

i^'i^Tn^ T^t) = ^(H^'^n + H"e,), (32.2) 

V • ZJ;: = V • ZJ;^ = 0; (32.3) 
(£T(Z?::,Z};„^)=7'(Hxe„), (33.1) 

(n'(Z};:,Zj;:') = -P(VxeO, (33.2) 

V • Zj;: = V • Zj;„^ = 0. (33.3) 



S/iecb £* = ((£*)^, (£*)'') - onepaTop, conpaiKenHbiii k £, 4)opMajibHO onpeflejienHbiii 
B npocTpancTBe nap TpexMepnbix cojienonflajibnbix nojieii: 

(£*)^(v, h) = — + i/Av - V X (V X v) + P(H x (V x h) - V x (V x V)), 

L/t' 

(9h 

(/:*)^(v, h) = — + r?Ah + V X (H X v) + P(v X (V X H) - V X (V X h)) 

L/t' 
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(Bce flHc|)c|)epeHii;HajibHbie onepaTopbi - b 6biCTpbix nepeMennbix) , V - onepaTop 
npoeKii;HH TpexMepnoro BeKTopnoro nojia b npocTpancTBO cojienoHflajibHbix nojiefi. 

Bce cpeflHHe ot npoHSBeTteHHii pemenHH aa^a^ (19)-(24) c nojiaMH V h H, Bxofla- 
mne B (30) H (31), Bbipa>KaK)Tca ^epea pemenHa BcnoMoraTejibHbix aa^a^ (32) 
(6 aafla^) h (33) (3 aa^aHn) h npaBbie Hacra ypaBneHHii (19)-(23) paBencTBaMH 

((-V^q'' - V(q'')^' + H^q'^ + H(q'^)J))" 

= {-{! - P)(V^e„ - V"e,) • {I - V)ci^ + (X - 7')(H^e„ - H"e,) • {I - V)ct)) 

+(((£*)^(z;;:, zt) . vq^ + in\zi:, z;;„^) ■ vq'} 

= ((-(X - V)(V'en - V"e,) ■ (J - P)q^ + ( J - P)(H^e„ - H"e,) • (X - P)q'^)) 

+((Z!;;: • £^(W, Pq") + Zj^ • >C^Pq^ Pq'^))); (34) 
((V X q'^ - H X q^))" = ((q^ • (H x e„) - q'^ • (V x e„))) 
= {{{I - 7')q^ • (T - 7')(H X e„) -{I- r)q^ .{I-V){Yx e„))) 

= (((J - P)q^ . (J - P)(H X e„) - (J - V)cl^ . (J - P)(V X e,))) 

+ ((£"(Pq^ Pq^) ■ Zf;" + £^(Pq^ Pq^) ■ Z^J''^))). (35) 

3;i;ecb X - TOJKflecTBeiiiiLiH onepaTop, c^^ql^ - pemeHne KaKOH-jTH6o na aa^ian (19), 
(20) npH noflC^GTe K03c|)c|)HHHeHT0B D H aa^an (21)-(24) npn noflCMeie K034)4)HHHeH- 
TOB A. ^Jifl aafla^ (19) h (20) Pq^,Pq'* BbiMHCJiaeica Ha cooTHomeHHii (19.2), (19.4), 
(20.2) H (20.4), fljia aa^^an (21)-(24) Vq" = Vol' = 0. (Kax o6biHHO, BblHHCJieHHe 
npoeKii;HH V y;i;o6HO ^ejiaTb c noMOinbio ^HCKpeTHoro hjih nenpepbiBHoro npeoSpaao- 
BaHH5i Oypbe.) TeM caivibiM, pemeriHe BcnoMoraTejibHbix aa^an BToporo h TpeTbero 
THnoB OKaabiBaeTCfl BoaMOJKHbiM H36e>KaTb. 

OopMajibHO conpfljKeHHbiH onepaTop C* onpe/],ejieH KoppeKTHO, nanpHiviep, ecjiH 
HCxo^Hoe cocToaHHe V, H, P nepno^HHHO no npocTpancTBy h CTaii;HOHapHO hjih nepn- 
o^HHHO no BpeMenn, n paccMaTpHBaeTca o6jiacTb onpeflejienna onepaTopa £*, cocto- 
ani;aa na (J)yHKn;HH, HMeioni;HX xaKne »ce CBoncTBa CTannoHapHOCTH h/hjth nepno^iHH- 
HOCTH. B o6in,eM cjiy^ae ^ncjiennoe pemeHne aa^a^ (32) h (33) npo6jieMaTH^HO, 
T.K. onepaTop C* ne napa6ojiHHecKHH. 06ohth 3Ty cjiojkhoctb mojkho cjieflyioin,HM 
o6paaoM: fljia nenaBecTHbix nojieii Z''' nyjieBbie "HaMajibHbie"ycjiOBHa CTaBHM npn 
i = r > 0, a aaTBM ypaBnenna (32) n (33) peniacM no BpeMenn "naaafl", b CTopony 
y6biBaioniero t ;i;o t = (npn o5pani;ennn npeivienn onepaTopbi {C*)"" , (£*)^ cxanoBaTca 
napaSojiH^ecKHMn). nojiynennoe pemenne, aaBHcain,ee ot r, oSoanannM Z ' (r;x, t). 
Tor^a npocTpancTBeHHO-BpeMeHHoe ycpeflnenne no 6biCTpbiM nepeMennbiM CKajiapnbix 
nponaBeflennn c c|)yHKn,HaMH Z'"' b (34) n (35) onpeflejiaeTca paBencTBOM 

I f-T fe/2 fe/2 re/2 

((f-Z-'-))= lim lim — / / / / {(x,t)Z-^(T;x,t)dxdt 

* " r^oo e^co r£3 io J-e/2 J-e/2 J-e/2 v > w 

(ecjTH yKaaannbiM npe;i,e.rr cyniecTByeT, - nanpniviep, ecjin ncxo^noe cocToanne V, H, P 
KBaannepno;i,nMno no BpeMenn). 
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8. BbiBO^bi. PaccMOTpena ycToiiHHBOCTb ii;eHTpajibHO-CHMMeTpHMHoro MF^ cocToa- 
HHa, He HMeioinero 6ojibmHx MacniTaSoB, no OTHomeHHio k BoaMymeHHio, b KOTopoM 
npncyTCTByiOT Gojibinne npocTpancTBenHbie h BpeMennbie MacniTaGbi. HocTpoeHO 
acHMnTOTHHecKoe paajioJKenHe B03MymeHHa h BbiBe^eHbi ypasHeHHa (29) 3BOJiion,HH 
b HejiHHeiiHOM pejKHMe rjiaBHoro Hjiena paajioJKeHHa B03MymeHHa, ycpe^neHHoro no 
MajibiM npocTpancTBenno-BpeMennbiM MacniTaSaivi. IlpefljiojKen MeTOfl BKonoMnnnoro 
Bbinncjienna K03(J)(J)nn;neHT0B BnxpeBon fln(J)(J)y3nn (30) n a;i;BeKn;HH (31) b ypaBnenn- 
ax fljia cpe;i;HHX nojien (29), Hcnojib3yioni;nH BbipajKenne 3Tnx K034)4)Hn;HenTOB nepea 
pemennfl BcnoMoraTejibnbix aa^an ^jia onepaTopa, conpa>Kennoro k onepaTopy Jinne- 
apn3an,nn ncxo^noii CHCTeMbi ypannennn MarnnTorHflpo^nnaMnKH b OKpecTnocTH 
MF^ cocToanna, nejinnennaa ycToiiHHBOCTb KOToporo HCCJie;i;yeTca. 

Bjiaro^apHOCTH. PaSoTa nacTHnno 4)HHaHCHpoBajiacb POOH (rpanT 04-05-64699). 
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